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Summary
Nitrification is an important process in the nitrogen cycle and will be affected
by changes in soil conditions. In arable, fertilized soils the nitrate production is
high, but in unfertilized soils nitrification seems to be of minor importance. In
the Netherlands, the application of high amounts of nitrogen-rich fertilizers
during the last fifty years has decreased plant diversity in semi-natural
grasslands (hayfields and meadows). To counteract his loss in plant species
diversity, the State Forestry Commission started buying pastures from farmers
in the 1950s and then implemented a management of impoverishment. The
applied management regime includes, no use of fertilizers, irregular gtazing
and annual mowing accompanied by removal of above ground biomass. Over
the course of time soil characteristics uch as nutrient availability change and,
concurrently, secondary plant succession starts. The purchase of pastures for
the implementation of impoverishment management has occurred periodically
over the past 50 years in the Netherlands, resulting in several series of
successional fields.
It is already known that nitrification in grasslands may decrease during
secondary succession. This decrease is mainly attributed to a decrease in
mineralization or to the production of toxic compounds, produced by specific
late successional plants. Whether the numbers of nitrifiers decrease due to the
limited substrate supply or to changes in other environmental factors requires
additional investigation. Therefore, the aim of this study was to investigate how
nitrifiers, especially ammonium oxidizers, respond to changes in soil
conditions and vegetation. Does the number of ammonium oxidizers decrease
during succession, and if so, is it a result of a decrease in ammonium
availability or are other factors involved. For this study several series of
successional grasslands were selected either in the sffeamvalley of the
Drentsche A (acid, peat meadows) or in Limburg in the South of the
Netherlands (chalk grasslands). In these successional pastures the potential
nitrification activity and the numbers of ammonium oxidizers were determined,
as was the diversity of the community of ammonium oxidizers present.
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In agreement with the expectations, although a residue of ammonium was
present in the soil, the numbers of ammonium oxidizers in all successional
fields decreased, as the period of impoverishment became longer (chapters 2
and 3). Also, the composition of the community of ammonium-oxidizing
bacteria changed during this period (chapters 5 and 6). Further investigation
was directed at trying to elucidate the factors influencing these effects. In the
investigated chalk grasslands, a high positive correlation between the potential
nitrification activity and the net nitrogen mineralization was found (chapter 3).
This implies a strong relationship between nitrifying bacteria and the
availability of ammonium. Deprivation of the soil led to changes in the C: N
ratio and net nitrogen mineralization (chapter 3). Generally, aÍ a higher C: N
ratio less organic material becomes available for mineralizaïion, resulting rn a
stronger competition between heterotrophic microorganism. nitrifying bacteria
and plants for the limited amount of ammonium. Over the course of time the
numbers of ammonium oxidizers will decrease, due to their weak competitive
capacity. Therefore, it is quite plausible that nitrification activity during
succession is regulated by substrate limitation. No evidence was found in
support of the hypothesis that changes in the structure of the vegetation directly
repressed nitrif,rcation. It was not possible to demonstrate any role of
allelochemical compounds, produced by grass species specific to late
successional stages, in the repression ofnitrification (chapter 2). Several abiotic
factors, such as temperature, phosphate concentrations, soil mojsture content,
and soil texture appeaï not to be major factors to determine the decrease in
nitrification during succession. On the other hand the high acidity level in late
successional Drentsche A grasslands might have iimited the nitrification
activity, perhaps offering an explanation for the relatively high residual
ammonium concentration in these fields.
The residual ammonium levels in the Drentsche A pastures are distinctly higher
in late successional fields, but in successional chalk grasslands the amount of
extractable ammonium seems to be more dependent on differences in season
than on stage of succession (chapter 3). A great part of the ammonium,
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carried out in the laboratory (chapter 4), but in the end a distinct amount of
ammonium remained in the soil, unavailable for nitrifiers, heterotrophic
microorganisms or plants (chapter 4). It has also been proposed that, during
periods of high mineralization and limited ammonium uptake by the vegetation
(e.g. autumn) the amount of the ammonium left over in late successional
pastures is also dependent on the heterogeneity of the soil and the spatial
distribution of the low numbers of nitrifiers. Due to their differential
distribution, ammonium oxidizers will have reduced access to available
ammonium, and the nitrification rate will at least partially be determined by the
diffusion resistance and the adsorption complex of the soil. Indeed, in a
microcosm experiment (chapter 4) at low cell densities all ammonium was
oxidized and the oxidation rate depended on the soil moisture content and the
adsorption complex present in the soil.
The genetic variation within ammonium oxidizer communities was
charactertzed by the sequence analysis of their 165 rRNA genes (chapters 5 and
6). DNA analysis directly from soil as well as from the highest positive MPN
(most probable number)-dilution detected more or less the same structure of the
ammonium-oxidizing communities (chapters 5 and 6). In all fields mainly
Nitrosospira- affiiated sequences were detected, but in the Drentsche A
pastures also sequences were recovered which are affiliated with Nitrosomonas
(chapter 6). Both genera can be subdivided into several phylogenetic lusters,
with the chalk grasslands containing Nitrosospira clusters 3 and 4, and the acid,
peat grasslands (Drentsche A), which are often wet, containing Nitrosospira
clusters 2, 3 and 4, and Nitrosomoncs cluster 6a. This study showed that
sequences belonging ïo Nitrosospira clusÍer 3 are most abundant in fields
which are recently taken out of agricultural use. Especially in the chalk
grasslands, when succession proceeds, the abundance of cluster 3 sequences
decreases relative to sequences of cluster 4. In the Drentsche A fields, a similar
tendency was observed, here the abundance of cluster 3 relatively decreases in
favor of clusters 2 and 4. There are indications that certain sequence-clusters
are associated with certain abiotic environmental conditions (Nitrosospira
clusters 2, 3 and 4 with low soil acidity, ammonium surplus and ammonium
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limitation, respectively; Nitrosomonas cluster 6a with freshwater sediments). In
this context the higher diversity of ammonium oxidizers in the Drentsche A
pastures may reflect the higher variation in soil characteristics (pH, ammonium
supply and temporary inundation). The distinct changes in soil conditions
during succession may select for strains of ammonium oxidizers that are well
adapted to survive in late successional fields. The relative decrease ofcluster 3
in favor of clusters 2 arrd 4 during succession, when net nitrogen mineralization
decreases and soil acidity increases (Drentsche A pastures), supports this
hypothesis. Information is still lacking conceming the physiological differences
befween ammonium oxidizers belonging to different sequence clusters.
However, the decrease in pH-optimum of the potential nitrification rate for the
more acidic Drentsche A pastures (chapter 2) and the slightly positive selection
in favor of Nitrosospira cl:uster 2 in slightly acid MPN medium suggest the
existence of physiological differences between the different strains. Also, the
relationship between the diversity of ammonium oxidizers and the function of
the particular groups in a grassland ecosystem is still unknown. Similar
decreases in nitrification are found in both the chalk grasslands and the
Drentsche A pastures, despite differences in ammonium oxidizer diversity.
In summary, it can be concluded that nitrification activity and the composition
of the community of ammonium oxidizers has been determined mainly by soil
characteristics, such as those regulating substrate supply. However, the effect
of allelopathy can not be ruled out as long as the effects of changes in soil
conditions and composition of the vegetation can not be studied independent of
each other.
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